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CIRCUITRY INCLUDING RESISTIVE
RANDOM ACCESS MEMORY STORAGE
CELLS AND METHODS FOR FORMING
SAME

CROSS-REFERENCE TO RELATED
APPLICATION(S)

This application is a continuation of U.S. patent applica-
tion Ser. No. 13/484,326 filed May 31, 2012, now U.S. Pat.
No. 8,934,282, the entirety of which is herein incorporated
by reference.

FIELD OF THE DISCLOSURE

This disclosure, generally relates to an electronic device
including memory, and more particularly to devices includ-
ing resistive random access memory storage cells and cir-
cuitry formed by such methods.

BACKGROUND

Industry is experiencing an ever-increasing demand for
computational circuitry along with an ever-increasing
demand for improved performance, greater integration, and
lower cost. With such demand, there is an increasing desire
to incorporate nonvolatile memory that exhibits high access
rates, occupies little space, and exhibits low power con-
sumption. Such non-volatile memory can be integrated with
additional circuitry, such as a microprocessor, a microcon-
troller, a smart sensor, or other computational circuitries.
Alternatively, such nonvolatile memory can be provided on
a separate substrate accessible through a high-speed bus.

However, with increased integration comes an increase in
cost, particularly in view of increased complexity and higher
cost of defective parts. Furthermore, with increased integra-
tion, the process of forming such computational circuitries
becomes more complicated and costly, particularly when the
additional testing steps are performed on individual die.
Moreover, space is limited on such integrated circuitry,
particularly with modern commercial demands for smaller
and more compact devices.

BRIEF DESCRIPTION OF THE DRAWINGS

The present disclosure may be better understood, and its
numerous features and advantages made apparent to those
skilled in the art by referencing the accompanying drawings.

FIG. 1 includes an illustration of an exemplary resistive
random access memory (RRAM) storage cell.

FIG. 2 includes an illustration of an exemplary array of
RRAM storage cells.

FIG. 3 includes a graph illustrating a change in resistance
during use of an RRAM storage cell.

FIG. 4, FIG. 5, FIG. 6 and FIG. 7 include illustrations of
an exemplary storage cell during initialization (also known
as “forming” operation), reset and set operations.

FIG. 8 includes an illustration of an exemplary wafer
including a plurality of die.

FIG. 9 includes an illustration of an exemplary method for
forming a circuitry.

FIG. 10 includes a graph illustrating resistivity of a
population of storage cells.

FIG. 11 includes a block flow diagram of an exemplary
testing method.
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FIG. 12, F1G. 13, FIG. 14, and FIG. 15 include block flow
diagrams illustrating exemplary methods of forming com-
putational circuitries.

FIG. 16, FIG. 17, FIG. 18, and FIG. 19 include illustra-
tions of exemplary circuitry including an RRAM storage
cell.

FIG. 20 includes an illustration of an exemplary initial-
ization circuitry.

The use of the same reference symbols in different draw-
ings indicates similar or identical items.

DESCRIPTION OF THE PREFERRED
EMBODIMENT(S)

In an exemplary embodiment, a wafer includes a plurality
of die. Such die can include a plurality of Resistive Random
Access Memory (RRAM) storage cells, each of which are to
be initialized prior to being available for programming and
erasing. In particular, the RRAM storage cells can form one
or more storage cell arrays on the die of the wafer. The die
can further include circuitry to function as a microcontroller,
a microprocessor, smart sensor, or other integrated circuitry.
At the wafer level, the RRAM storage cells can be initial-
ized, enabling them for set and reset operations. In particu-
lar, the RRAM storage cells can be initialized concurrently.
As used herein, initializing includes altering the storage
medium, for example, to provide cells that can be adjusted
through two or more resistive states, and permitting the
storage cells to act as data storage, which according to an
embodiment can include non-volatile data storage.

In an embodiment, a method for forming an integrated
circuit device includes providing a wafer having a plurality
of die. Each die can include one or more RRAM storage cell
array. The method further includes initializing the RRAM
storage cell arrays at the wafer level, prior to die assembly
and packaging. For example, substantially all of the RRAM
storage cells of a die on the wafer can be initialized
concurrently. In another embodiment, substantially all of the
RRAM storage cells of the wafer are initialized concur-
rently. In an example, the RRAM storage cells are initialized
by applying a charge potential across each of the storage cell
of arrays concurrently. In an embodiment, the charge poten-
tial is created by applying a voltage to a conductive node
connected to the storage cells. In another embodiment, the
charge potential is created by exposing the wafer to a
charged plasma within a plasma chamber. In a further
example, the charge potential is created by exposing the
RRAM storage cells to radiation, referred to herein as
initializing radiation, such as UV radiation, gamma radia-
tion, x-ray radiation, or a combination thereof. Optionally,
the storage cell arrays can be tested at a wafer level and good
or bad die can be identified prior to packaging and assembly.

As illustrated in FIG. 1, an RRAM storage cell 100
includes a storage medium 104 disposed between electrodes
102 and 106, which when initialized can assume two or
more resistive states, which can be used to represent data
values, such as one of two bit states. In particular, program-
ming and erase operations can bias the storage cell 100 such
that its state is changed to a desired state. For example, a
pulse 108 can have a voltage of not greater than 5 V and can
have a duration of not greater than 100 ns and can be used
to set the storage cell 100 in a relatively non-conductive state
or a relatively conductive state depending on the nature of
the storage medium 104, and the relative direction and
magnitude of voltage potential applied across the storage
medium 104. A different pulse can be supplied across the
storage cell 100 and the current can be measured to deter-
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mine the state of the storage cell 100. Generally, pulses to
measure the state of the storage cell 100 apply a lower
voltage potential across the storage medium 104 than pulses
that change the state of the storage cell 100.

The electrodes 102 or 106 can be formed of metallic or
conductive ceramic materials. An exemplary metallic mate-
rial for use as an electrode can include titanium, copper,
aluminum, gold, platinum, silver, nickel, rubidium, tung-
sten, or a combination thereof. An exemplary conductive
ceramic material includes titanium nitride, indium tin oxide,
or a combination thereof.

The storage medium 104 can be formed of one or more
layers of materials that can assume two or more resistive
states. In particular, each state of the storage medium 104
exhibits a different resistance. The storage medium 104 can
be formed of one or more layers of ceramic material, such
as transition metal oxides, perovskite ceramics, or a com-
bination thereof. An exemplary material for use as storage
medium 104 can include alumina, hafnium oxide, silica,
nickel oxide, tungsten oxide, zinc oxide, zirconium oxide,
calcium manganese ceramic, titanium oxide, doped deriva-
tives thereof, or a combination thereof.

FIG. 2 includes an illustration of an array 200 of RRAM
storage cells. For example, the array of RRAM storage cells
include sets of word lines 202 and bit lines 204 disposed on
opposite sides of a set of storage media 206. The word lines
202 and bit lines 204 can be formed of conductive materials,
such as those described above in relation to the first and
second electrodes 102 or 106. The set of storage media 206
can be formed of material such as those described above in
relation to storage medium 104.

After the storage cells of the array 200 are initially
formed, the storage media 206 of the storage array 200 is to
be initialized before it is capable of being set to a desired
state as describe with respect to FIG. 1. Initialization
includes altering the state of the storage medium 206 to
change the resistivity exhibited by the storage medium 206
from an initial or pristine value to one of a lesser resistive
value or state. According to a particular implementation,
write and erase operations to an RRAM device are not
operational until the RRAM device has been initialized.

Following initialization, the storage medium 206 can be
manipulated to alternate between the two or more resistive
states, each of which exhibits a lower resistivity than the
initial or pristine resistivity prior to initialization. For
example, FIG. 3 includes a graph 300 illustrating operation
of an RRAM storage cell having two resistive states. For
example, the storage medium of the RRAM storage cell can
exhibit a pristine resistivity 304 prior to initialization. Once
initialized, the resistivity of the RRAM storage cell can be
programmed or erased to alternate between an upper resis-
tivity state 306 and a lower resistivity state 308. In an
example, initialization includes applying a high voltage,
such as at least 5 V across the storage cell. The potential can
be generated by exposing the storage cells to a voltage
source, a charged plasma, radiation, or the like.

Following initialization, the storage cell can be driven, as
illustrated by 302, between the upper resistivity state 306
and the lower resistivity state 308. The existence of the two
states can be used to represent bit values for use in a
computational system. As illustrated in FIG. 3, the resistivity
states representing bit values exhibit a lower resistivity than
the pristine resistivity (prior to initialization). In a particular
example, the upper and lower resistivity states 306 or 308
can be at least two orders of magnitude lower than the initial
resistivity 304.
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While the present disclosure is not tied to a particular
theory, FIGS. 4-7 illustrate a possible explanation as to the
working of an RRAM storage cell, including the formation
of conductive filaments within the storage medium. For
example, as illustrated at FIG. 4, after fabrication, a storage
cell 400 includes a storage medium 404 disposed between
upper and lower electrodes 402 or 406.

Upon initialization, one or more conductive filament
(usually a plurality of conductive filaments) 408 are formed
within the storage medium 404, as illustrated in FIG. 5.
Under such a theory, the resistivity of the storage medium
404 drops to a lower resistive state. Such conductive fila-
ments 408 can be formed, for example, by initializing with
high-voltage potential, which can be produced using a
voltage source, a charged plasma, radiation, or the like.

When alternating between resistive states, the conductive
pathway 408 can be partially disrupted or broken usually
close to the storage medium/electrode interface, as illus-
trated at 410 of FIG. 6. To establish a lower resistive state,
the conductive filament can be re-established, as illustrated
at FIG. 7. In such a manner, the storage medium can be
manipulated between the resistive states illustrated in FIGS.
6 and 7 to represent stored bit values.

While FIGS. 4-7 illustrate the theoretical formation of
conductive filament within a storage medium, other theories
may explain the phenomenon that permits the formation of
RRAM storage cells.

In particular, storage cell arrays are formed on a die within
a wafer. As illustrated in FIG. 8, a single substrate 800, such
as a wafer, includes a plurality of die 802. Each die 802 can
include a memory cell array 804 and optionally, a variety of
other circuitries. For example, the die 802 can include a
memory cell array 804 that includes a plurality of RRAM
storage cells. First and second select line decoders 806 or
808 can be in communication with the memory cell array
804. A controller circuit 810 can be in communication with
the first and second select line decoders 806 or 808 to drive
access to and to facilitated the storage of data within the
memory cell array 804. Further, the die 802 can include
circuitry, such as a control input 812, address input 814, and
data access 816, each connected to the control circuit 810. In
addition, the die 802 can include other circuitry 818, such as
microcontroller circuitry, smart sensor circuitry, a micropro-
cessor circuitry, or other circuitry. Optionally, the other
circuitry 818, such as a microprocessor, can communicate
with the control input 8112, the address input 814, or the
data access 816.

In a particular example, the circuitries and the RRAM
storage cell arrays can be formed at a die of the wafer, and
the RRAM storage cells of each die’s storage cell array can
be initialized while at the wafer level prior to separation of
the die.

For example, as illustrated at FIG. 9, a method 900
includes providing a substrate including a plurality of die, as
illustrated at 902. Each die includes a plurality of RRAM
storage cells, such as in the form of an RRAM storage array.
For example, as part of the process of forming circuitry to
be included on individual die, a first set of electrodes can be
formed, a set of storage media can be formed in contact with
the first set of electrodes, and a second set of electrodes can
be applied to contact the set of storage media opposite the
first set of electrodes.

As illustrated at 904, the RRAM storage cells can be
initialized at a wafer level by performing the activation on
the wafer itself prior to separation of the wafer into die. For
example, substantially all of the RRAM storage cells on the
wafer can be initialized, such as at least 80% of the RRAM
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storage cells, at least 90%, or even at least 95% of the
RRAM storage cells. Moreover, the RRAM storage cells can
be initialized concurrently. In particular, substantially all of
the RRAM storage cells of the wafer can be initialized
concurrently. In one embodiment, a sacrificial layer, such as
a conductive sacrificial layer, can be formed at the wafer in
order to connect the RRAM portions of the wafer to a
common conductive structure, or to a plurality of conductive
structures that can be accessed concurrently during process-
ing in order to initialize the RRAM memory cells. For
example, a potential can be applied across the RRAM
storage cells by contacting the sacrificial layer with one or
more probes to connect an initializing voltage source. In
another example, the wafer can be exposed to a charged
plasma that results in a voltage potential occurring between
the electrodes of each RRAM’s memory cells. When
exposed to a plasma for purposes of initializing, that the
sacrificial conductive layer may or may not be used. Simi-
larly, initializing the RRAM memory cells can include
exposing the wafer to initializing radiation, such as ultra-
violet radiation, gamma radiation, x-ray radiation, or a
combination thereof, where an initializing radiation is radia-
tion operable to initialize a storage media. Optionally, the
sacrificial layer is present when exposing the wafer to a
radiation.

The wafer can further be tested, as illustrated at 906, to
determine the operability of the RRAM storage cells. In an
example, testing of the RRAM storage cells can be per-
formed to determine one or more good or bad die. In
particular, the testing can determine whether the RRAM cell
arrays within one or more of the die exhibit resistive states
useful for representing data. For example, as illustrated in
FIG. 10, a set of storage cells, such as RRAM storage cells,
within a storage cell array can exhibit a lower resistivity
state (LRS) distribution 1002 over a resistant domain and
can exhibit a higher resistivity state (HRS) distribution 1004
over a different resistant domain. Providing the domains of
the upper and lower resistive state distributions 1002 or
1004 do not overlap with a threshold 1006, the storage cells
of the storage cell array can be used to represent data. The
testing, as illustrated at 906, can be used to determine
whether the storage cell arrays of an individual die within a
wafer are functional. Those die identified as having func-
tionality within the storage cell array can be processed
further for assembly, while those die lacking functionality
from the storage cell arrays can be discarded.

Alternatively, the testing at the wafer level can be used to
determine the effectiveness of initializing. Initializing can be
repeated one or more times based on the testing results. For
example, initializing can be repeated and tested, followed by
re-initializing until a number of storage cells of the storage
cell arrays are considered functional. Individual RRAM
memory locations deemed nonfunctional can be recorded in
order to omit their use during final operation.

Following identification of functional die, the wafer can
be sent to assembly and packaging, as illustrated at 908, to
form individual die and to be integrated into devices.

In a particular example illustrated in FIG. 11, a method
1100 for testing can include inserting a wafer into a probe
system and applying a wafer probe to the wafer, as illus-
trated at 1102. In particular, the wafer probe can be used to
apply voltage potentials across the storage cells in the
storage cell array to determine whether such storage cells
function within the two or more resistive states desired to
represent data bits.

Based on the functionality of the storage cell arrays, the
state of the die on the wafer can be determined, as illustrated
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at 1104. For example, the die can be determined to be
functional based on the functionality of RRAM storage cell
arrays on the die. Alternatively, the die can be designated
inoperable when the RRAM storage cell array does not
functional to store data bits.

Following determination of the state of the die on the
walfer, the state can be recorded, as illustrated at 1106. Such
a die state can be utilized during later processing steps to
determine whether to discard or keep a die, or can be utilized
to designate functionality of a die. In a particular example,
a die can include one or more RRAM cell arrays. Such cell
arrays lacking functionality can be designated or restricted
from use and the die can be labeled as having a lower
memory capacity different from a die including a fully
functional set of RRAM storage cell arrays.

In general, RRAM cell arrays can be formed by a method
1200, as illustrated in FIG. 12. For example, the method
1200 includes forming a first set of electrodes, as illustrated
at 1202. The first set of electrodes can be bit line select
electrodes. Alternatively, the first set of electrodes can be
word line select electrodes. The first set of electrodes can be
formed of a conductive material, such as those described
above.

A storage material can be formed over the first set of
electrodes, as illustrated at 1204. For example, the storage
material can be formed as a set of storage media in contact
with the first set of electrodes. The storage media can include
a storage material such as those described above. Further,
each of the storage media can be formed of a single layer or
a set of layers.

As illustrated at 1206, a second set of electrodes is formed
in contact with the set of storage media opposite the first set
of electrodes. The second set of electrodes can include a
conductive material, such as those described above.

Following formation, the storage media are initialized, as
illustrated at 1208. For example, substantially all of the
storage media can be initialized concurrently. Initializing
can be performed using a variety of techniques, such as
applying a potential across the first and second set of
electrodes, exposing the storage media to a charged plasma,
or exposing such media to radiation. The material and the
structure of the storage media can influence the selection of
an activation procedure.

For example, as illustrated in a method 1300 of FIG. 13,
the plurality of storage cell arrays can be formed on a wafer,
as illustrated at 1302. A sacrificial layer can be formed over
the circuitries, as illustrated at 1304. For example, a sacri-
ficial layer can be a conductive material in contact with one
of the sets of electrodes where the sacrificial layer can be
readily contacted by a test fixture, or otherwise have a
potential applied thereto. Optionally, protective layers can
also be applied over other circuitry formed on the die to
prevent exposure of such circuitry to initialization environ-
ments, such as plasma or radiation.

The storage cell arrays can be initialized, as illustrated at
1306. In particular, the wafer can be inserted into a probe
station. The probe station can apply a wafer probe or probes
to the sacrificial layer. In an example, the wafer probe can
apply a voltage potential across the storage cells of the
storage cell arrays, initializing the cells. In another example,
a radiation source or plasma source that results in a charge
on the sacrificial layer can be utilized to initialize the storage
cell arrays. Additional sacrificial layers or protective layers
can be applied over portions of the wafer include circuitry
sensitive to plasma or initializing radiation.
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Once the storage cell arrays are initialized, the sacrificial
layer can optionally be removed, as illustrated at 1308. For
example, the sacrificial layer can be etched or polished from
the surface of the wafer.

For example, as illustrated in FIG. 20, a wafer 2000 can
include a plurality of die 2002. Each die can include an
RRAM circuitry 2004. Initialization lines 2006 or 2008 can
connect the pads 2010 or 2012 to one or more of the RRAM
circuitry 2004. Probes can be applied to the pads 2010 or
2012 to assist with initialization of the RRAM circuitries
2004 or testing the operability of the RRAM circuitries 2004
at a wafer level. Such wafer level initialization lines 2006 or
2008 can be removed as part of the process of fabricating
components from each die 2002 or can remain as part of
circuitry once the die 2002 are separated.

In a further example of activation, a method 1400 illus-
trated in FIG. 14 includes forming a plurality of storage cell
arrays on a wafer, as illustrated at 1402. The wafer can be
inserted into a plasma chamber, as illustrated at 1404. In
such an example, the storage cell arrays of the wafer can be
initialized using a charged plasma formed within the plasma
chamber, as illustrated at 1406. Optionally, when forming
the plurality of storage cell arrays of the wafer, protective
layers can be applied over circuitry sensitive to charged
plasma prior to inserting the wafer into the plasma chamber.

In an additional example of initializing, a method 1500
illustrated in FIG. 15 includes forming a plurality of storage
cell arrays on a wafer, as illustrated at 1502. Optionally,
protective layers can be formed over circuitry on the wafer
that is sensitive to radiation. Such protective layers can be
opaque to a particular radiation used to initialize the cell
arrays.

Once formed, the storage cell arrays can be exposed to
initializing radiation, as illustrated at 1504. In an example,
the initializing radiation includes ultraviolet radiation. In
another example, the initializing radiation includes gamma
radiation. In a further example, the initializing radiation
includes x-ray radiation. Alternatively, the initializing radia-
tion can include exposure to a combination of radiation
within the spectra of one or more of UV, gamma, or x-ray.

In a particular example, each storage medium of a storage
cell can be operated by manipulating a voltage potential and
current across the storage cell. For example, as illustrated in
FIGS. 16-19, voltage potential applied across storage
medium can be used to initialize, reset, set or read the state
of the storage medium. Current can be controlled using a
transistor in series with the storage medium. As illustrated at
FIG. 16, a large voltage difference can be applied across a
bit line (BL.) and a source line (SL), such as an 8V difference
in a pulse, such as a pulse of 100 ps. As a result, the storage
medium of the RRAM storage cell is initialized. Such
initialization is characterized by reduced resistivity across
the storage medium. The storage medium can be reset, as
illustrated in FIG. 17 by applying a negative voltage poten-
tial across the storage medium. In the example illustrated in
FIG. 17, a -1.5 V difference is applied for 10 ns. The storage
medium can be set by applying a 2V difference between the
bit line (BL) and source line (SL), as illustrated at FIG. 18.
Whether set or reset, the state the storage cell can be read
using a low voltage difference, as illustrated in FIG. 19, in
which the difference between the bit line (BL) and source
line (SL) is =0.1 V. In each of the examples, the current
through the storage medium can be controlled by a word line
(WL). In particular, the voltage applied at the word line
(WL) can vary based on the operation. The above illustrated
voltages are provided for example only. Voltages and pulse
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lengths utilized to initialize, reset, set, or read a storage
medium vary based on the nature of the material of the
storage medium.

In a first aspect, a method of forming a circuitry includes
providing a substrate comprising a plurality of die, each die
comprising a plurality of RRAM storage cells, and concur-
rently initializing substantially all of the RRAM storage
cells.

In an example of the first aspect, concurrently initializing
includes altering an initial resistivity of substantially all of
the RRAM storage cells.

In another example of the first aspect and the above
examples, concurrently initializing comprises generating a
voltage potential across a storage medium region of the
plurality of RRAM storage cells.

In a further example of the first aspect and the above
examples, concurrently initializing is performed in a plasma
chamber.

In an additional example of the first aspect and the above
examples, concurrently initializing includes exposing the
RRAM storage cells to a plasma charge.

In an example of the first aspect and the above examples,
the method further includes forming a conductive sacrificial
layer over the plurality of RRAM storage cells. For example,
concurrently initializing includes providing a potential to the
conductive sacrificial layer. In an example, concurrently
initializing occurs at a wafer probe station. In another
example, concurrently initializing includes exposing the
conductive sacrificial layer to a plasma charge. In a further
example, concurrently initializing includes exposing the
sacrificial layer to an initializing radiation. In an additional
example, the method can further include removing the
sacrificial layer.

In another example of the first aspect and the above
examples, concurrently initializing includes exposing the
sacrificial layer to an initializing radiation.

In a further example of the first aspect and the above
examples, the initializing radiation includes ultraviolet
radiation.

In an additional example of the first aspect and the above
examples, the initializing radiation includes gamma radia-
tion.

In an example of the first aspect and the above examples,
the initializing radiation includes x-ray radiation.

In another example of the first aspect and the above
examples, the method further includes testing each die
subsequent to initializing to identify operable storage cell
arrays.

In an additional example of the first aspect and the above
examples, for each die, the plurality of RRAM storage cells
is not coupled to a high voltage circuitry.

In a further example of the first aspect and the above
examples, the high voltage circuitry has a voltage of at least
5 volts.

In an example of the first aspect and the above examples,
the method further includes forming the plurality of RRAM
storage cells, wherein forming includes forming a first set of
electrodes; depositing a set of storage structures in commu-
nication with the first set of electrodes; and forming a second
set of electrodes in communication with the set of storage
structures. For example, initializing includes altering an
initial resistivity of the set of storage structures to a resis-
tivity at least two orders of magnitude lower than the initial
resistivity.

In a second aspect, a circuitry including an RRAM storage
cell array is formed by a method including providing a
substrate comprising a plurality of die, each die comprising
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a plurality of RRAM storage cells and concurrently initial-
izing substantially all of the RRAM storage cells.

In an example of the second aspect, the circuitry is free of
a high voltage circuitry.

In a third aspect, a computational device includes an
RRAM storage cell array, first and second line selection
circuitry connected to the RRAM storage cell array, and a
control circuitry connected to the first and second line
selection circuitry, wherein the computational device is free
of a high voltage circuitry in communication with the
RRAM storage cell array.

In a fourth aspect, a method of forming a circuitry
includes forming a plurality of RRAM storage cell arrays on
a wafer and applying a charged plasma to the wafer, the
charged plasma initializing storage media of the RRAM
storage cell arrays.

In an example of the fourth aspect, the method further
includes applying a protective layer over a portion of the
wafer.

In another example of the fourth aspect and the above
examples, the storage media are initialized concurrently.

In a fifth aspect, a method of forming a circuitry includes
forming a plurality of RRAM storage cell arrays on a wafer
and applying initializing radiation to the wafer, the initial-
izing radiation initializing storage media of the RRAM
storage cell arrays.

In an example of the fifth aspect, the method further
includes applying a protective layer over a portion of the
wafer. For example, the protective layer is opaque to the
initializing radiation.

In another example of the fifth aspect and the above
examples, the storage media are initialized concurrently.

In a sixth aspect, a method of forming a circuitry includes
forming a plurality of RRAM storage cell arrays on a wafer
and applying a voltage potential across storage media of the
RRAM storage cell arrays, the voltage potential initializing
the storage media.

In an example of the sixth aspect, the method further
includes applying a conductive sacrificial layer over the
RRAM storage cell arrays of the wafer. For example,
initializing includes applying a wafer probe to the conduc-
tive sacrificial layer.

In another example of the sixth aspect and the above
examples, the method further includes removing the con-
ductive sacrificial layer after initializing.

In a further example of the sixth aspect and the above
examples, the storage media are initialized concurrently.

Note that not all of the activities described above in the
general description or the examples are required, that a
portion of a specific activity may not be required, and that
one or more further activities may be performed in addition
to those described. Still further, the order in which activities
are listed are not necessarily the order in which they are
performed.

In the foregoing specification, the concepts have been
described with reference to specific embodiments. However,
one of ordinary skill in the art appreciates that various
modifications and changes can be made without departing
from the scope of the invention as set forth in the claims
below. Accordingly, the specification and figures are to be
regarded in an illustrative rather than a restrictive sense, and
all such modifications are intended to be included within the
scope of invention.

As used herein, the terms “comprises,” “comprising,”
“includes,” “including,” “has,” “having” or any other varia-
tion thereof, are intended to cover a non-exclusive inclusion.
For example, a process, method, article, or apparatus that
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comprises a list of features is not necessarily limited only to
those features but may include other features not expressly
listed or inherent to such process, method, article, or appa-
ratus. Further, unless expressly stated to the contrary, “or”
refers to an inclusive- or and not to an exclusive- or. For
example, a condition A or B is satisfied by any one of the
following: A is true (or present) and B is false (or not
present), A is false (or not present) and B is true (or present),
and both A and B are true (or present).

Also, the use of “a” or “an” are employed to describe
elements and components described herein. This is done
merely for convenience and to give a general sense of the
scope of the invention. This description should be read to
include one or at least one and the singular also includes the
plural unless it is obvious that it is meant otherwise.

Benefits, other advantages, and solutions to problems
have been described above with regard to specific embodi-
ments. However, the benefits, advantages, solutions to prob-
lems, and any feature(s) that may cause any benefit, advan-
tage, or solution to occur or become more pronounced are
not to be construed as a critical, required, or essential feature
of any or all the claims.

After reading the specification, skilled artisans will appre-
ciate that certain features are, for clarity, described herein in
the context of separate embodiments, may also be provided
in combination in a single embodiment. Conversely, various
features that are, for brevity, described in the context of a
single embodiment, may also be provided separately or in
any subcombination. Further, references to values stated in
ranges include each and every value within that range.

What is claimed is:
1. A method of forming a circuitry, the method compris-
ing:
providing a substrate comprising a plurality of die, each
die comprising a plurality of cells each including a
storage medium disposed between two electrodes; and

concurrently altering the storage medium of substantially
all of the cells of the plurality of die to provide resistive
random access memory (RRAM) storage cells adjust-
able to two or more resistive states.

2. The method of claim 1, wherein concurrently altering
comprises generating a voltage potential across a storage
medium region of the plurality of RRAM storage cells.

3. The method of claim 1, wherein concurrently altering
is performed in a plasma chamber.

4. The method of claim 3, wherein concurrently altering
includes exposing the plurality of cells to a plasma charge.

5. The method of claim 1, further comprising forming a
conductive sacrificial layer over the plurality of cells.

6. The method of claim 5, wherein concurrently altering
comprises providing a potential to the conductive sacrificial
layer.

7. The method of claim 5, wherein concurrently altering
occurs at a wafer probe station.

8. The method of claim 5, wherein concurrently altering
includes exposing the conductive sacrificial layer to a
plasma charge.

9. The method of claim 5, wherein concurrently altering
includes exposing the sacrificial layer to an initializing
radiation.

10. The method of claim 9, wherein the
radiation includes ultraviolet radiation.

11. The method of claim 9, wherein the
radiation includes gamma radiation.

12. The method of claim 9, wherein the
radiation includes x-ray radiation.

initializing
initializing

initializing
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13. The method of claim 5, further comprising removing
the sacrificial layer.

14. The method of claim 1, further comprising:

testing each die subsequent to concurrently altering to

identify operable storage cell arrays.

15. The method of claim 1, wherein, for each die, the
plurality of RRAM storage cells is not coupled to a high
voltage circuitry.

16. The method of claim 1, further comprising forming
the plurality of cells, wherein forming comprises:

forming a first set of electrodes;

depositing a set of storage structures comprising the

storage medium in communication with the first set of
electrodes; and

forming a second set of electrodes in communication with

the set of storage structures.
17. The method of claim 16, wherein concurrently alter-
ing includes altering an initial resistivity of the set of storage
structures to a resistivity at least two orders of magnitude
lower than the initial resistivity.
18. A circuitry including a resistive random access
memory (RRAM) storage cell array formed by the method
comprising:
providing a substrate comprising a plurality of die, each
die comprising a plurality of cells each including a
storage medium disposed between two electrodes; and

concurrently altering the storage medium of substantially
all of the cells of the plurality of die to provide the
resistive random access memory (RRAM) storage cells
adjustable to two or more resistive states.
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